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TI DNA CpG methylation inhibits binding of NF-kappa B 

proteins to the HIV-1 long terminal repeat cognate DNA 
motifs . 

AU Bednarik D P; Duckett C; Kim S U; Perez V L; Griffis K; Guenthner P C; 
Folks T M 

CS Centers for Disease Control, Division of Viral and Rickettsial Diseases, 

Atlanta, GA 30333. 
SO NEW BIOLOGIST, (1991 Oct) 3 (10) 969-76. 

Journal code: 9000976. ISSN: 1043-4674. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Priority Journals; AIDS 
EM 199202 

ED Entered STN: 19920315 

Last Updated on STN: 19970203 

Entered Medline: 19920225 
AB The regulation of cellular or viral gene expression is directly influenced 

by the pattern of methylated cytosine residues localized in the 

DNA of enhancer/promoter sequences. The mechanism of 

transcriptional silencing has been explained on the basis of either an 
indirect model, in which densely methylated DNA is recognized by 
proteins that may displace crucial transcription factors, or a direct 
model, in which binding of a single transcription protein is prevented by 
the presence of a methylated CpG dinucleotide localized in a 
sensitive region of a DNA motif. In this study, we have 
determined that methylation of the core CpG dinucleotide located 
within the NF-kappa B repeated motifs of the human immunodeficiency virus 
type 1 (HIV-1) long terminal repeat can inhibit the binding of 
the NF-kappa B protein complex from crude nuclear extracts or from 
purified bovine spleen and specifically inhibit the binding of recombinant 
p50 protein. We have used the electrophoretic mobility shift assay (EMSA) 
and DNasel footprinting analysis to demonstrate that binding of the 
NF-kappa B proteins to their cognate motifs can be inhibited via the 
direct model proposed for methylation-mediated inhibition of DNA 
-protein interaction. 
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TI Irnmunostimulatory CpG motifs trigger a T helper-1 immune 

response to human immunodeficiency virus type-1 (HIV-1) gp 160 
envelope proteins. 

AU Demi L; Schirmbeck R; Reimann J; Wolf H; Wagner R 

CS Institute of Medical Microbiology, University of Regensburg, Germany. 
SO CLINICAL CHEMISTRY AND LABORATORY MEDICINE, (1999 Mar) 37 (3) 199-204. 

Journal code: 9806306. ISSN: 1434-6621. 
CY GERMANY: Germany, Federal Republic of 
DT Journal; Article; (JOURNAL ARTICLE) 
LA English 

FS Priority Journals; AIDS 
EM 199907 

ED Entered STN: 19990727 

'Last Updated on STN: 19990727 

Entered Medline: 19990715 
AB Bacterial DNA sequences containing unmethylated CpG 

motifs have recently been proposed to exhibit irnmunostimulatory effects on 

B-, T- and NK cells, leading to the induction of humoral and cell-mediated 

immune responses. In the present study we investigated the 

immunomodulatory effects of a CpG-containing 

oligodeoxynucleotide (CpG ODN) to the HIV-1 gp 160 

envelope (Env) protein in the BALB/c mouse model. Priming and boosting of 
mice with gp 160 adsorbed to aluminium hydroxide (Alum) induced a typical 
T helper-2 (Th2 ) -dominated immune response with high titers of gp 
160-specific immunoglobulin (Ig)Gl isotypes but a weak IgG2a response. 
' Specifically re-stimulated splenocytes from these mice predominantly 
secreted interleukin (IL)-5 but only minute amounts of interf eron-gamma 
(IFN-gamma) upon specific re-stimulation. In contrast, a boost 
immunisation of gp 160/Alum primed mice with a gp 160/Alum/CpG 
combination resulted in a seven times higher production of IgG2a 
antibodies, without affecting the titers of IgGl isotypes. Furthermore, 
approximately 10-fold increased levels of IFN-gamma, but significantly 
reduced amounts of IL-5, were secreted from gp 160-restimulated splenic 
cells. A further greater than 30-fold increase in the levels of specific 
IgG2a responses and a substantially elevated secretion of IFN-gamma were 
observed when the mice received gpl60/Alum/cpG combinations for 
priming and boost injections. Thus, CpG ODNs are useful as an 
adjuvant to induce a typical ThO/Thl response to HIV gp 160 
proteins. However, despite the induction of a more Thl-like immune 
response, gp 160/Alum/CpG combinations were not sufficient to 
prime an Env-specific cytotoxic T-cell (CTL) response. 



11 as novel strategies for immune therapy and prophylaxis. 
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TI Vaccines containing CpG oligonucleotides as adjuvants 
IN Dalemans, Wilfried L. J.; Laferriere, Craig Antony Joseph; Pneels, 
Jean-Paul 

PA Smithkline Beecham Biologicals S. A., Belg. 
SO PCT Int. Appl., 35 pp. 
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DT Patent 
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AB The present invention provides vaccine formulations comprising 

T-independent type 1 or type 2 antigens or polysaccharide conjugate 
antigen and an immunostimulatory CpG oligonucleotide as immune 
adjuvant. E.g., IgG concns. in an infant rat model were significantly 
increased against pneumococcal polysaccharide types 6B, 19F and 23F when 
the polysaccharide protein conjugate vaccine was adjuvanted with 
CpG compared to A1P04; this was confirmed by increased 

seroconversion rates and increased opsonophagocytic titers. Thus, the 
CpG aids in the induction of specific antibody, and 

increases in antibody concn. correlate with increases in protective 
efficacy. 
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TI HIV-specific CD4 and CD8 immune responses are generated with a 

gpl20-depleted, whole-killed HIV-1 immunogen with CpG 

immunostimulatory sequences of DNA. 
AU Moss, Ronald B. (1); Diveley, Jocelyn P. (1); Jensen, Fred C. (1); 

Gouveia, Erin (1) ; Carlo, Dennis J. (1) 
CS (1) Immune Response Corp, Carlsbad, CA USA 

SO Clinical Infectious Diseases, (July, 2000) Vol. 31, No. 1, pp. 324. print. 
Meeting Info.: 2000 Annual Meeting of the Infectious Diseases Society of 
America New Orleans, Louisiana, USA September 07-10, 2000 
ISSN: 1058-4838. 

DT Conference 

LA English 

SL English 
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DN 20264172 PubMed ID: 10802617 

TI Irnmunostimulatory DNA-based vaccines induce cytotoxic lymphocyte 

activity by a T-helper cell-independent mechanism. 
CM Comment in: Nat Biotechnol. 2000 May ; 18 ( 5 ) : 491-2 

AU Cho H J; Takabayashi K; Cheng P M; Nguyen M D; Corr M; Tuck S; Raz E 

CS Department of Internal Medicine and The Sam and Rose Stein Institute for 

Research on Aging, University of California San Diego, La Jolla, CA 

92093-0663, USA. 
NC AI 40682 (NIAID) 

AI 47078 (NIAID) 

AR 44850 (NIAMS) 
SO NATURE BIOTECHNOLOGY, {2000 May) 18 (5) 509-14. 

Journal code: 9604648. ISSN: 1087-0156. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200006 

ED Entered STN: 20000622 

Last Updated on STN: 20000622 
Entered Medline: 20000612 

AB Irnmunostimulatory DNA sequences (ISS) contain unmethylated 
CpG dinucleotides within a defined motif. Immunization with 
ISS-based vaccines has been shown to induce high antigen-specific 
cytotoxic lymphocyte (CTL) activity and a Thl-biased immune response. We 
have developed a novel ISS-based vaccine composed of ovalbumin (OVA) 
chemically conjugated to ISS-oligodeoxynucleotide (ODN) . Protein-ISS 
conjugate (PIC) is more potent in priming CTL activity and Thl-biased 
immunity than other ISS-based vaccines. Cytotoxic lymphocyte activation by 
ISS-ODN-based vaccines is preserved in both CD4-/- and MHC class II-/- 
gene-def icient animals. Furthermore, PIC provides protection against a 
lethal burden of OVA-expressing tumor cells in a CD8+ cell-dependent 
manner. These results demonstrate that PIC acts through two unique 
mechanisms: T-helper-independent activation of CTL and facilitation of 
exogenous antigen presentation on MHC class I. This technology may have 
clinical applications in cancer therapy and in stimulating host defense in 
AIDS and chronic immunosuppression. 
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TI HIV-Specific CD4 (+) and CD8 (+) immune responses are generated 
with a gpl20-depleted, whole-killed HIV-1 immunogen with 
CpG immuno stimulatory sequences of DNA. 
AU Moss R B; Diveley J; Jensen F C; Gouveia E; Savary J; Carlo D J 
CS The Immune Response Corporation, Carlsbad, CA 92008, USA. . 
shotdoc@imnr . com 

SO JOURNAL OF INTERFERON AND CYTOKINE RESEARCH, (2000 Dec) 20 (12) 1131-7. 

Journal code: 9507088. ISSN: 1079-9907. 
CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200101 

ED Entered STN: 20010322 

Last Updated on STN: 20010322 

Entered Medline: 20010125 
AB We examined the adjuvant effects of a synthetic CpG 

oligodeoxynucleotide immunostimulatory sequence (ISS) using a 

whole-killed, gpl20-depleted HIV antigen (HIV-1 

antigen) in a Lewis rat model. We hypothesized that HIV 

-1-specific CD4 (+) T helper (Th) immune responses could be enhanced when 
an ISS was combined with an HIV-1 antigen in incomplete Freund f s 
adjuvant (IFA) . We also reasoned that if such Th responses were 
sufficient, such a combination might also induce HIV-specific 
CD8 (+) T cell immune responses. Here we demonstrate that the HIV 
-1 antigen in IFA combined with ISS stimulates both CD4(+) and CD8(+) 
HIV-specific immune responses as measured by interf eron-gamma 
(IFN-gamma) in the ELISPOT assay. A strong correlation between these 
CD4(+) and CD8(+) responses was demonstrated. Furthermore, we found that 
the HIV-1 antigen in IFA with ISS as an adjuvant stimulated 
strong antibody responses to core antigen (p24). These studies suggest 
that the combination of the whole-killed, gpl20-depleted HIV-1 
antigen in IFA with ISS may be an ideal candidate to test in nonhuman 
primates and in human studies as a preventive HIV-1 vaccine. 
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TI Immunization of cats against feline immunodeficiency virus (FIV) infection 
by using minimalistic immunogenic defined gene expression vector vaccines 
expressing FIV gpl40 alone or with feline interleukin-12 (IL-12), IL-16, 
or a CpG motif. 

AU Leutenegger C M; Boretti F S; Mislin C N; Flynn J N; Schroff M; Habel A; 

Junghans C; Koenig-Merediz S A; Sigrist B; Aubert A; Pedersen N C; Wittig 
B; Lutz H 

CS Clinical Laboratory, Department of Internal Veterinary Medicine, 

University of Zurich, 8057 Zurich, Switzerland., cmleutenegger@ucdavis.edu 

SO JOURNAL OF VIROLOGY, {2000 Nov) 74 (22) 10447-57. ^ 
Journal code: 0113724. ISSN: 0022-538X. 

CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200011 

ED Entered STN: 20010322 

Last Updated on STN: 20010322 
Entered Medline: 20001121 

AB Four groups of cats, each containing four animals, were immunized at 0, 3, 
and 6 weeks with minimalistic immunogenic defined gene expression vector 
(MIDGE) vaccines containing the gene(s) for feline immunodeficiency virus 
(FIV) gpl40, FIV gpl40 and feline interleukin-12 (IL-12), FIV gpl40 and 
feline IL-16, or FIV gpl40 and a CpG motif. MIDGEs were coated 
onto gold beads and injected intradermally with a gene gun. A fifth group 
of four cats were immunized in an identical manner but with blank gold 
beads. All cats were challenge exposed to virulent FIV 4 weeks following 
the final immunization, and the course of infection was monitored. The two 
groups of cats immunized with the FIV gpl40 gene alone or with blank gold 
particles became highly viremic and seroconverted as early as 4 weeks 
after infection. In contrast, three of four cats immunized with FIV gpl40 
in combination with feline IL-12 failed to become viremic or seropositive, 
as has been shown elsewhere (F. S. Boretti, C. M. Leutenegger, C. Mislin, 
et al., AIDS 14:1749-1757, 2000). Here we show the effect of 
IL-12 when used as an adjuvant on the viral RNA and DNA load and 
on the cytokine profile. In addition, the two groups of cats immunized 
either with gpl40 and IL-16 or with gpl40 and the CpG had 
V greatly reduced viremia. Protection correlated weakly with cytotoxic 

T-lymphocyte activity and increased cytokine transcription of IL-12, gamma 
interferon, and IL-10 by peripheral blood mononuclear cells in the 
postchallenge period. This study extends the data on IL-12 and provides 
new results on CpG motifs and IL-16 used as adjuvants in the FIV 
cat model . 
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TI G-motif oligonucleotide effects on the immune system and use in gene 
therapy 

IN Wagner, Hermann; Lipford, Grayson B. ; Heeg, Klaus 
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SO PCT Int. Appl., 75 pp. 
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WO 2000014217 A3 20000713 

W: AE, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, 
CZ, DE, DK, DM, EE, ES, FI , GB, GD, GE, GH, GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, ZW, AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM 
RW: GH, GM, KE, LS, MW, SD, SL, SZ, UG, ZW, AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, BF, B J, CF, CG, 
CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG 
CA 2341338 AA 20000316 CA 1999-2341338 19990903 

AU 9958603 Al 20000327 AU 1999-58603 19990903 

EP 1108017 A2 20010620 EP 1999-946118 19990903 

R: AT, BE, CH, DE, DK, ES, FR, GB, GR, IT, LI, LU, NL, SE, MC, PT, 
IE, SI, LT, LV, FI, RO 
PRAI EP 1998-116652 A 19980903 
WO 1999-EP6502 W 19990903 
AB Foreign DNA and CpG motif (s ) -contg . oligonucleotides 

have potential deleterious effects in the activation of myeloid lineage 
immune cells and/or lymphoid lineage cells to produce toxic cytokines 
which, combined with the strong Thl-inducing potential of foreign 
DNA, can hyperactivate the immune system leading to potential 
autoreactivity and tissue damage. G-motif-contg . oligonucleotides, 
however, are discovered to block the activating effects on 
antigen-presenting cells of foreign DNA or CpG 

motif-contg. oligonucleotides, apparently by blocking the cell surface 
DNA receptor involved in foreign DNA uptake. 

Furthermore, these oligonucleotides also elicit costimulatory signals 
leading to lymphocyte activation in the absence of myeloid cell 
activation. This may allow for the induction of immune responses against 
tumor cells expressing tumor antigen but lacking co-stimulatory mols. 
Thus, the present invention relates to a compn. comprising an 
oligonucleotide comprising (a) the sequence N1-N2-G-N3-G, wherein Nl 
represents any nucleotide if N2 and N3 are G; N2 represents any nucleotide 
if Nl and N3 are G; and N3 represents any nucleotide if Nl and N2 are G, 
or (b) the sequence of (a), wherein at least one nucleotide is replaced by 
a corresponding nucleotide analog or deriv. The present invention further 
relates to the use of the compn., and/or the oligonucleotide of the 
present invention for the prodn. of a pharmaceutical compn. for preventing 
or treating septic shock, inflammation, autoimmune diseases, THl-mediated 
diseases, bacterial infections, parasitic infections, viral infections, 
spontaneous abortions, and/or tumors. 
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TI Human immunodeficiency virus (HIV) -specif ic immune responses are 
generated with the simultaneous vaccination of a gpl2 0-depleted, 
whole-killed HIV~1 immunogen with cytosine-phosphorothioate- 
guanine dinucleotide immunostimulatory sequences of DNA* 

AU Moss R B; Diveley J; Jensen F C; Gouveia E; Carlo D J 

CS The Immune Response Corporation, Carlsbad, California 92008, USA.. 
shotdoc@imnr . com 

SO JOURNAL OF HUMAN VIROLOGY, (2001 Jan-Feb) 4 (1) 39-43. 
Journal code: 9805755. ISSN: 1090-9508. 
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EM 200105 

ED Entered STN: 20010517 

Last Updated on STN: 20010517 

Entered Medline: 20010510 
AB OBJECTIVES: We compared the effect of priming with a synthetic 

oligodeoxynucleotide (ODN) immunostimulatory DNA sequence 

followed by vaccination with human immunodeficiency virus type 1 ( 

HIV-1) in incomplete Freund's adjuvant ( I FA) or HIV-1 

antigen alone to the simultaneous administration of immunostimulatory 
sequences (ISS) with HIV-1 in I FA. METHODS: We examined immune 
function involving interf eron-gamma (IFN-gamma) production, RANTES 
(regulated upon activation, normal T cell expressed and secreted) 
production, and lymphocyte proliferation, all of which appear to be 
augmented in HIV-l-exposed, but uninfected, individuals. 

RESULTS: We demonstrate that similar levels of antigen-specific IFN-gamma 
were produced from lymph node cells of the animals immunized with 
HIV-1 antigen in I FA containing the CpG ODN 1826 (ISS; 

mean +/- SE = 450.8 +/- 224.3 pg/mL) and the group of animals primed with 

the ODN before injection with the HIV-1 in I FA (mean +/- SE = 

377.7 +/- 294.8 pg/mL) or HIV-1 antigen alone (IFN-gamma - 0 

pg/mL) . However, the group that received the HIV-1 in I FA plus 

ISS mounted a stronger lymphocyte proliferation (mean net +/- SE = 29,180 

+/- 1,932 cpm) compared to the group primed with the ODN before injection 

with HIV-1 in I FA (mean net +/- SE = 8,575 +/- 2,978 cpm). 

Furthermore, the group that received the HIV-1 in I FA plus ISS 

also mounted stronger beta-chemokine production measured as RANTES (mean 

+/- SE = 1,217 +/- 267.4 pg/mL) compared to the group that received the 

ODN before injection with HIV-1 in I FA (mean +/- SE = 129.1 +/- 

48.5 pg/mL) . Antibody responses from the group that received the 

HIV-1 in I FA plus ISS also showed a higher p24-specific response 

that was predominantly of the immunoglobulin G IgG2b isotype. CONCLUSION: 

These results suggest that the simultaneous administration of the ISS in 

the HIV-1 in I FA emulsion may be a condidate for testing in 

non-human primates and in human studies as a therapeutic and preventative 

vaccine . 
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TI Irnmunostimulatory DNA-based vaccines elicit multi faceted immune 

responses against HIV at systemic and mucosal sites. 
AU Horner A A; Datta S K; Takabayashi K; Belyakov I M; Hayashi T; Cinman N; 

Nguyen M D; Van Uden J H; Berzofsky J A; Richman D D; Raz E 
CS Department of Medicine, University of California at San Diego, 9500 Gilman 

Drive, La Jolla, CA 92093, USA. 
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Journal code: 2985117R. ISSN: 0022-1767. 
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LA English 

FS Abridged Index Medicus Journals; Priority Journals 
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ED Entered STN: 20011029 

Last Updated on STN: 20011029 
Entered Medline: 20011025 

AB Irnmunostimulatory DKA sequences (ISS, also known as CpG 

motifs) are pathogen-associated molecular patterns that are potent 
stimulators of innate immunity. We tested the ability of ISS to act as an 
irnmunostimulatory pathogen-associated molecular pattern in a model 
HIV vaccine using gpl20 envelope protein as the Ag. Mice immunized 
with gpl20 and ISS, or a gpl20:ISS conjugate, developed gpl20-specif ic 
immune responses which included: 1) Ab production; 2) a Thl-biased 
cytokine response; 3) the secretion of beta-chemokines , which are known to 
inhibit the use of the CCR5 coreceptor by HIV; 4) CTL activity; 
5) mucosal immune responses; and 6) CD8 T cell responses that were 
independent of CD4 T cell help. Based on these results, ISS— based 
immunization holds promise for the development of an effective preventive 
and therapeutic HIV vaccine. 
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TI Vaccination with DNA containing tat coding sequences and 

unmethylated CpG motifs protects cynomolgus monkeys upon 

infection with simian/human immunodeficiency virus (SHIV89.6P). 
AU Cafaro A; Titti F; Fracasso C; Maggiorella M T; Baroncelli S; Caputo A; 

Goletti D; Borsetti A; Pace M; Fanales-Belasio E; Ridolfi B; Negri D R; 

Sernicola L; Belli R; Corrias F; Macchia I; Leone P; Michelini Z; ten 

Haaft P; Butto S; Verani P; Ensoli B 
CS Laboratory of Virology, Istituto Superiore di Sanita, Viale Regina Elena 

299, 00161 Rome, Italy. 
SO VACCINE, (2001 Apr 6) 19 (20-22) 2862-77. 
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AB Recent evidence suggests that a CD8-mediated cytotoxic T cell response 
against the Tat protein of human immunodeficiency virus (HIV 
) /simian immunodeficiency virus (SIV) controls primary infection after 
pathogenic virus challenge, and correlates with the status of long-term 
nonprogressor in humans. Due to the presence of unmethylated CpG 
sequences, DNA vaccination can boost the innate immunity driving 
more potent T cell-mediated immune responses. Therefore, cynomolgus 
monkeys were vaccinated with a tat-expressing vector containing defined 
unmethylated CpG sequences (pCV-tat) . Here it is shown that the 
intramuscular inoculation of the pCV-tat contained primary infection with 
the highly pathogenic SHIV89.6P virus preventing the CD4 (+) T cell decline 
in all the vaccinated monkeys. Undetectable virus replication and negative 
virus isolation correlated in all cases with the presence of anti-Tat 
CTLs. However, a CD8-mediated non cytolytic antiviral activity was also 
present in all protected animals. Of note, this activity was absent in the 
controls but was present in the monkey inoculated with the CpG 
-rich vector alone that was partially protected against viral challenge 
(i.e. no virus replication but positive virus isolation). These results 
suggest that a CTL response against Tat protects against primary infection 
by blocking virus replication at its early stage, in the absence of 
sterilizing immunity. Nevertheless, the boost of the innate immunity by 
CpG sequences can contribute to this protection both by driving 
more potent CTL responses and by inducing other CD8-mediated antiviral 
activities. Thus, the CpG- rich tat DNA vaccine may 

represent a promising candidate for preventive and therapeutic vaccination 
against AIDS . 
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HIV-1 inmice with a dominant Th2 biased immune profile via 
imunostimulatory oligonucleotides - relevance to AIDS vaccines 
in developing countries; 

oligonucleotide transfer, HIV virus-1 antigen, immunization 
in mouse and Schistosoma mansoni infection for nucleic acid 
vaccine and gene therapy 
AU AYASH-RASHKOVSKY M; WEISMAN Z; DIVELEY J; MOSS RB; BENTWICH Z; BORROW G 
CS Hebrew Univ; Hebrew Univ; Immune Response Corp 

LO Bentwich Z, Hebrew Univ, Hadassah Med Sen, Ruth Ben Ari Inst Clin 
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AB AUTHOR ABSTRACT - Vaccination against HIV-1 of hosts with a 

dominant Th2 immune profile may fail to induce essential protective Thl 
immune responses. By using Schistosoma-inf ected mice, with a pre-existent 
Th2 immune background, we demons tratethat oligodeoxynucleotides (ODN) 
containing unmethylated cytosine-phosphate-guano sine (CpG) 
immunostimulatory sequences co-administered with inactivated, 
gpl20-depleted HIV-1 viral particles (HIV-1 
immunogen) lead to potentThl anti-HIV-1 immune responses 

overcoming the Th2 bias. In contrast, Schistosoma-inf ected mice immunized 
with HIV-1 immunogen in incomplete Freund 1 sadjuvant only, 
induced Th2 anti-HIV-1 immune responses. These findings 
strongly support the advisability of using CpG ODN as a Thl 
inducing adjuvantwhen immunizing human populations with a strong 
pre-existent Th2 immune profile. (C) 2002 Published by Elsevier Science 
Ltd . { 9 pages ) 



